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ABSTRACT 
This thesis report demonstrates the importance that 
must be placed on the principles that are associated 
with designing a product for easy, low cost, high 
quality manufacturing. Declining U.S. manufacturing 
dominance, worldwide competition, and other arguments 
are presented which support this thesis. 
The potential of using expert systems to aid the 
design engineer with the task of producing products that 
are compatible with manufacturing is explored and 
supported in this report. Currently, expert systems 
which are an application of AI (artificial intelligence) 
are in their infancy with respect to industry and the 
issues associated with the new technology are examined. 
Expert systems rely on the knowledge and the 
experience of an expert. Section 5 develops some of the 
rules that are used to arrive at solutions to design 
problems that support the manufacturing operation and 
specifically the assembly process of a product. 
The background on the design process and some of the 
complexities that face today's engineers are described. 
with the hope of enticing development of expert systems 
that will cover all the aspects of an engineer's 
responsibility. In addition to the manufacturing 
responsibilities of the design engineer, there are 
1 
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numerous areas that must also be considered. They are: 
safety, customer requirements, government standards, and 
other engineering concerns. 
Advice on getting started with AI systems is given 
with a discussion of some of the pitfalls. The obvious 
requirement of getting the best personnel involved in 
the development of an AI project and the need to obtain 
high level management support is demonstrated. 
A survey is also conducted to investigate current 
development activity on artificial intelligence systems 
that are intended as a tool for the design angineer. 
There is very little activity in this area because the 
technology is very young. Some of the problems such as, 
a lack of understanding by the industrial community 
because there are very few knowledgeable engineers in 
the artificial intelligence field are discussed . 
2· 
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1. INTRODUCTION 
In the future, one of the main factors of survival 
and prosperity for any manufacturing firm will be its 
ability to introduce new products quickly, produce them 
with zero defects, and produce them at a relatively low 
cost. Foreign competition is currently enforcing this 
concept on many industries which include automotive, 
electronics, textile and others. The competition has 
forced numerous consumer manufacturers (television, 
stereo, etc.) to perish or lose their ability to compete 
in the markets they once thrived in. As an example, 
rapid introduction of new technology, at high quality 
and low cost has moved television manufacturing to other 
shores. 
A significant amount of manufacturing technology has 
been exported in an attempt to help friendly nations and 
gain profits from inexpensive labor. The exportation 
has provided for~ign competitors with experience they 
need to develop advanced manufacturing techniques. At 
the same time, some domestic manufactures are becoming 
obsolete because they are lacking the expertise. In 
some areas of manufacturing this has created a wide gap 
in the ability to compete in a world wide marret. 
If this trend continues it will affect,the standard 
of living in the United States relative to other 
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industrialized nations and compromise our national 
security. First of all, if we as a country do not 
produce goods that have a value to other nations we lose 
our ability to create wealth, and consequently we lose 
our purchasing power. If we look at_ our history, the 
periods of vigorous growth and naticnal health have 
occLrred when our products were in high demand world 
wide. Secondly, as we lose the ability to create wealth 
we lose the ability to produce the goods that are 
required for national security. Fortunately, government 
and industry are currently working to keep our 
manufacturing industry alive and well. 
Manufacturing engineers have claimed that sizable 
savings in the cost of producing a product can be gained 
if the product is designed or redesigned with 
manufacturing in mind. In fact, most experienced 
professionals agree that a product redesigned, to adhere 
to the principles of manufacturing, has by far the 
greatest effect. Numerous products have been 
successfully designed for manufacturing, but 
unfortunately the principles involved are not commonly 
taught or used in industry or academe. 
The objective of this thesis is to develop some basic 
principles that can be employed when designing a 
product, so that it can be manufactured proficiently. 
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The terms "manufacturability" and "producibility" are 
used frequently by engineers to describe this field. 
This work will also explore the great potential of 
employing an expert system as a design tool. The 
system can act as the expert designer when manufacturing 
• concerns are an issue. 
• 
Currently, many manufacturing firms have 
manufacturing engineers (ME's) reviewing product designs 
or actually involved in the design phase. With this 
type of development scheme, the firms are increasing the 
success rate of their new products. Many of these 
engineers have been trained during the 1940 1 s and 50 1 s 
because of the emphasis on production of war materials. 
That places many of these experienced people at the 
retirement age with a big void behind them. This is. the 
time to build the expert systems to help fill this void. 
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2 THE DESIGN CONSIDERATIONS 
2.1 The customer 
In today's highly competitive market the customer 
should be the number one concern. A customer expects 
excellent service from a product at minimum cost. The 
product designer must incorporate as many of the 
customer requirements into a product as possible. These 
requirements are usually included in a product 
specification or plan of record. The specification will 
include functional requirements, quality requirements, 
cost limitations or targets, and a life expectancy of 
the product. There may be other specific design 
requirements that are related to unique or special 
projects. 
The cost of a product and quality seem to be the 
biggest concern to a customer, and the designer has a 
great influence on these elements. The most influential 
factor in deciding the cost of a product is the design. 
As an example, a product designer decides on the 
material selection. A die cast aluminum pa~t will 
differ in cost when compared to powder-metal processed 
part or a sand-cast iron part. 
The complexity of a product, and the process required 
to manufacture it have a great impact on the amount of 
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indirect, and direct labor associated with the product. 
If a designer can reduce the number of manufacturing 
operations by changing the process, then the costs can 
be reduced because of a reduction in handling time, a 
reduction in setup time, and a reduction in work-in-
process. This will reduce the direct labor which in 
turn will reduce the amount of indirect labor. 
The designer can consider processes that are low 
cost. The skill level of complex processes may require 
a higher cost labor content. Special tooling may be 
required if the design does not conform to the process 
it was intended for. The amount of energy, and the type 
of energy used by a process will influence the cost. 
There are many other factors that will influence the 
cost of a product that the designer must consider. Do 
alternative designs change factory overhead positively 
or negatively? Are tolerances to tight? etc. The 
message is that great attention must be paid to detail 
when costs are a concern. 
2.2 Safety 
There are products that are potentially very 
dangerous because of the product environment, or because 
of the product nature. An example would be a product 
that is used in a explosive area, or a product that 
contains lethal energy levels. Some companies, such as 
7 
IBM, go through extra efforts to ensure product safety 
regardless of the product environment or circumstances. 
When this concern for safety is present, it becomes 
the designers responsibility to meet all the applicable 
safety standards. This places the burden of 
understanding all the safety standards on the designer. 
Larger corporations have the resources to create safety 
departments, and their responsibility is to consult with 
product designers on safety issues. Often the safety 
department is then required to sign off on a completed 
product stating it meets minimum requirements. This 
often moves the liability from the designer to the 
safety department, but it does not relieve the designer 
from the responsibility of understanding these 
requirements, and incorporating them into a design. 
Safety requirements can be met by following guide 
lines that are published by different organizations. If 
domestic ~afety is a concern, the Underwriters 
Laboratory (UL) has documents that explain general 
safety precautions, and explain where they are 
applicable. These principles can be implemented as 
rules in an expert system to help the designer make good 
decisions on safety issues. The expert system can be 
expanded to include foreign country requirements, and 
company safety standards. As an example, the VDE 
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standards are used widely in Europe. The system can 
also be designed to decide which rules take a precedent. 
This decision would be dependent on where the product 
would be sold. 
2.3 EMI (electro-magnetic interference) 
When designing a product, a designer must be 
concerned with the effect the product has on other 
machines that are in the same environment. Products 
that have electrical energy have the potential to 
interfere with other electronic equipment in the same 
physical area. This interference could cause 
malfunc·tions or intermittent errors. 
There are basically two ways a product can cause 
problems for other machines in the same office or 
industrial environment. One potential problem can arise 
from transmitted energy. An electronic product can act 
as a transmitter and send out electro-magnetic energy 
which can be picked up by another electronic device, and 
interfere with its operation. The use of proper design 
considerations such as, using enclosures, gaskets, and 
proper hole sizes, can help avoid this problem. 
The other technique in which interference can occur 
is through conduction which is a process of placing 
electrical energy onto a power line or I/0 
(input/output) lines. This energy that is placed on a 
9 
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• power line can interfere with other machines that are 
plugged into the same line. Here again, attention to 
design detail such as, adding the proper filters can 
help avoid proble~. 
The government has an interest in reducing the noise 
that is conducted from their electr~nic equipment 
because information can be decoded from power lines. 
Power companies must also increase their current 
carrying capacity in order to accommodate additional 
\ 
power in the form of noise. This power does no useful 
work and it is dissipated in the transmission lines. 
Most countries have limitations on the amount of 
interfering power which a product can emit. In the 
United States the agency responsible to create and 
enforce these limits is the FCC (Federal Communications 
Commission). An expert system could assist the designer 
by identifying the limitations that a product must meet. 
This would save the designer an enormous amount of time 
researching numerous documents which are valid only 
under specific conditions. The specific conditions are, 
applicable countries, environment such as industrial or 
office, etc. The expert system could also give advice 
on design procedures for filtering, shielding, and other 
applicable designs to reduce interference. 
2.4 Manufacturing and Testing 
10 
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Many firms have previously conducted their design 
cycles so that the developed product was, "thrown over 
the fence" to manufacturing. In other words, the 
attitude was, "we designed it, you figure out how to 
build it". The strong competition that exists will no 
longer allow this attitude to survive. Progressive 
companies realize manufacturing must be considered early 
in the design cycle. Some companies have implemented 
this concept successfully and others have had troubles 
because of the unpredictable human aspects. 
As discussed earlier in section 2.1, the design has a 
great influence on the manufacturing process used to 
produce a product. The designer must consider the 
alternatives that are available and the trade-offs. 
This is when an expert from manufacturing can help by 
giving invaluable advice. The expert understands the 
processes that are available and the unique problems of 
each. 
The product must also be tested or inspected to 
ensure it meets minimum quality standards. Here again,~ 
the design can influence how easy it is to test a device 
and what type of quality is inherent in the product. 
There ha"re been digital circuits designed that are not 
capable of being tested 100%. It would be possible to 
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deliver a faulty product to a customer under these 
circumstances. 
An expert from the manufacturing test area could 
provide guidance during the design phase to eliminate 
potential problems. The expert understands the testing 
processes that are employed in the manufacturing 
environment, and has knowledge about the many different 
types of test equipment that are available on the 
manufacturing floor. 
2.5 Customer Service/ Industrial Design 
In many products attention to aesthetic quality is 
very important to the success of the product. This 
responsibility is usually given to an industrial design 
engineer/ human factors person. They design the 
outward appearance of the product. These people must 
employ a fair amount of artistic skill to their design. 
The product engineer must be sensitive to the needs of 
these people or assume the responsibilities for the 
appearance of the product. 
Specifically, how does this affect the product 
engineer? LED (light emitting diode) displays may be 
chosen over some other display technology because of the 
human factors consideration. Air flow may be restricted 
in an area that requires cooling because ventilation 
openings are not allowed for aesthetic reasons. Space 
12 
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in certain areas of the product may be restricted 
causing conflicts. A product engineer must consider 
these design restrictions at the start of a design 
cycle. 
A product engineer must also consider the effect a 
design has on the time and effort needed to repair a 
product. A product designed with high failure rate 
parts that are concealed could be very expensive to 
repair. The effort required to remove these parts would 
be very time consuming and it would certainly cause 
customer dissatisfaction. 
If the product is an electronic device, will 
diagnostic capabilities be necessary? Has the product 
been designed so that it can be repaired quickly and 
inexpensively? There are many areas in which a product 
engineer must make decisions which may adversely affect 
other attributes of the product. 
2.6 Summary 
There are so many areas ( customer, safety, cost, 
function, manufacturing, etc. ) which an engineer must 
consider when entering into a design that it would seem 
impossible to do so with any accuracy. To add to the 
complexity, many considerations develop into conflicts. 
A part may be inexpensive but may also be unsafe, or a 
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design may be functionally correct, but impossible to 
test or reproduce in a manufacturing environment. 
The successful engineer c~nsiders all the 
alternatives and makes a decision based on the customers 
best interests. An expert system would help engineers 
make these decisions by, identifying alternatives exist, 
what the alternatives are, and which ones would be 
appropriate for the specific conditions that apply. An 
increase in the productivity and the success rate of 
development projects would result. 
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3 THE DESIGN PROCESS 
3.1 The traditional design environment 
The traditional design engineer is required to have a 
number of specific skills: communication skills, 
mathematical ability, scientific knowledge, and a 
certain amount of creativity or inventiveness. The 
basics of these skills are usually gained through 
obtaining a formal education or through many years of 
hard work on the job. These skills are what enables the 
design engineer to transform an often vague description 
of what is needed or wanted, into a proto-type with 
accompanying documentation (see fig.3.1). 
INP~T 
Vague 
description 
of what is 
needed. 
DESIGN 
fMathematical ability, I 
->!communication skill, I -> 
I scientific knowledge, I 
land creativity. I 
I I 
OUTPUT 
Proto-type, 
documenta-
tion, 
& specifica-
tion. 
Figure 3.1 The traditional design function. 
There are four basic phases a design passes through 
during the product design development process. 
first phase is the problem formulation stage. 
The 
• During 
this phase the engineer formally defines the problem. 
It is very advantageous to define the problem in a 
general or broad manner so that the design engineer does 
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not become locked into a situation where only a limited 
number of solutions are available. 
As an example, consider designing a product that will 
supply power to an electronic circuit. If the design 
problem is defined as; design a switching power 
converter to supply power to a circuit that has 120 
volts alternating current as the input, and 5 volts 
direct current as the output; then the designer has a 
very limited field of solutions because the technology, 
the circuit topology, and inputs are all constrained. 
If the problem was restated as; supply power to the 
circuit;. the design engineer could consider may 
alternatives to solving the design problem; now solar 
power and other means of supplying energy to the circuit 
can be considered. 
The second phase is the problem analysis cycle. This 
is the phase where specifications are recorded. Input 
and output constraints are specified. Variables are 
defined and restrictions are recorded. The items 
specified in this phase may be: cost of the product, 
life expectancy, operational specifications, quality 
specification, etc. It is important to remove any 
fictitiou.s restrictions that may sneak into the 
specifications at this time. 
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The third phase involves producing solutions. During 
this phase, the design engineer starts to search for 
possible solutions to the problem. The design engineer 
may depend on experience and memory to select a number 
of solutions in addition to exploring books and articles 
to arrive at an acceptable solution. The process of 
invention by using ideas may also produce solutions to 
the problem. Often, there are a number of solutions 
which should be filtered to leave only the most 
I I promising. 
The last phase is the decision and specification 
cycle. During this phase the criteria used to select 
the appropriate solution must defined, and a weight 
associated with each criteria should be specified. The 
performance of each solution should be evaluated with 
respect to the criteria, and the best solution to the 
problem would then be selected. Section 4.4 will 
explain how a tool can be used to aid the design 
engineer in making an acceptable selection. Ideally, an 
expert system would access the tool and aid the engineer 
in its use. 
Once the solution has been selected, the design 
engineer must document the specifications and the 
design. The documents created by the designer must meet 
company standards. As an example, the drawings will be 
17 .. 
formatted in a particular manner. In the past these 
drawings, and specifications were given to the 
manufacturing people, and they were assigned the task of 
building it. This often caused problems because the 
manufacturing organization had to figure out how they 
would build a product that was not designed with 
production concerns in mind. A slang expression for 
this type of design activity is, "design the product and 
throw it over the fence". 
It may be demonstrated that the attitude of "throwing 
it over the fence" has hurt or totally destroyed the 
competitive position of many products. In order to build 
designs thrown over the fence, the products would often 
go through many processes that could be avoided with a 
design that had manufacturing concerns built in. At 
times new machinery would be required to build a new 
product which could have been avoided if existing 
machines were considered during t~e design phase. 
Ultimately, it can be very expensive and inefficient to 
produce a product designed by development engineering 
when no concern is given to the manufacturing process. 
Another limitation in the design process is the fact 
that design engineers use memory, and experience to 
arrive at solutions to problems. The new inexperienced 
engineer is at a disadvantage, and may miss the 
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opportunity to arrive at optimal solutions. Even the 
experienced engineer may forget a vital piece of 
information that is needed in a design solution. 
Computers do not forget and may be programmed to help 
the novice designer. 
With today's technology it is also possible to search 
for solutions in books and other associated literature 
at a faster pace. This technology can also speed up the 
search for information on electronic components stored 
in a data base, and it can facilitate the use of group 
technology in the design cycle. Computers, artificial 
intelligence, and data bases are the foundations of this 
technology. 
3.2 The new design environment and its challenges 
The traditional design environment has been changed 
by a number of factors. First, international 
competition has forced the design engineer to become 
acutely aware of cost and performance. • Firms are no 
longer protected by the great distances that once made 
it difficult to market, distribute, and service a 
product far from home. Today's firm must compete with 
companies that operate in a totally different 
environment when compared to their own. A competitors 
taxes may be different, the cost of labor may be 
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cheaper, and they may pay a different price for their 
• 
resources. 
The competition has also placed pressure on the 
design engineer to produce designs of high quality, and 
high reliability. If the design engineer is to meet 
these challenges, other functions of the firm must 
assist with the product design; more information must be 
made available to the designer and it should be easily 
accessed. All the groups or functions discussed in 
section 2 can be called upon to aid the design engineer. 
If expert systems are developed which contain the 
knowledge of the experts from each function, then this 
knowledge can be distributed to all design engineers, 
and called upon on demand. Section 5 of this text is an 
accumulation of knowledge from one of these areas, the 
manufacturing function. 
Manufacturing knowledge is accumulated because it is 
essential the design engineer have this information to 
meet the challenge of designing high quality products at 
low cost. Designing the product for manufacturing is 
critical, and the design engineer should understand the 
processes that are required to produce the product. 
Today's development engineer must also consider the 
firm's strategy when designing a product. Strategies 
determine if the product will fit into a niche in the 
20 
market by being unique or compete head on with the major 
market share holders. In any case the designs that are 
produced must compliment the firm's strategy. 
In the current environment, the speed with which 
technology changes is another challenge for the 
designer. New components are constantly available, new 
techniques are being introduced at a rapid rate, and 
factory automation is changing the manufacturing 
organization. The design engineer must be aware of 
these changes, and design products that compliment 
existing and future automation. A product should be 
designed so that it can be processed manually when the 
quantities are low, and with automation when the demand 
• increases. 
It should be obvious that the engineer designing 
products today must be highly conscientious of the 
manufacturing process. The designer must also consider 
numerous other factors affecting the over all 
competitiveness of the product. To deal with all these 
challenges, an increasing amount of information is 
required. This information must be presented in a 
usable form, timely, and it must be accurate. 
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4 USING AN EXPERT SYSTEM IN THE DESIGN PROCESS 
4.1 Artificial intelligence and expert systems 
Before discussing expert systems, a proper 
understanding of what an expert system is will be 
developed. Expert systems are part of the computer 
science field called "artificial intelligence". 
Artificial intelligence is concerned with developing 
computers that can perform as humans do in a specified 
environment. This implies intelligent behavior on the 
computers part. 
Currently, to determine if a computer acts 
intelligently, its behavior is evaluated under the 
specific conditions for which it was programmed. This 
definition applies because there are no computers in the 
foreseeable future that will be capable of behaving 
similar to a human under all conditions. 
An expert system is a machine that is capable of 
replacing an expert in a specific discipline. The 
machine must think and reason in an intelligent manner, 
and it must also be capable of replacing the expert by 
making decisions that are transparent to the user. The 
decisions or actions from the machine will be identical, 
or better when compared with the expert. 
22 
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An example of an expert system wo~ld be a machine 
that is capable of requesting for information on a 
faulty piece of equipment, then assessing the 
information to make a diagnosis as to why the equipment 
is faulty. Another example is, a computer that is 
programmed with heuristics (rule of thumb) from an 
expert chees player. The computer will be able to play 
the game in a manner similar to the expert. 
There is nothing magical about artificial 
intelligence and expert systems. It is another method 
of programming computers and benefitting from the 
potential that already exists. Expert systems can be 
programmed with almost any language, however advanced 
artificial intelligence languages such as PROLOG and 
LISP are usually used. These languages facilitate the 
programming of complex representations such as: 
properties of objects, relations, behaviors, and 
inferences. 
There are a number of excellent reasons for 
developing expert systems. One of them is to retain the 
expertise of personnel that are at retirement age. 
Another reason would be to clone an expert, and 
distribute that expert throughout the organization. The 
system could also be employed to help novices learn, and 
think at an accelerated rate. The expert system could 
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make knowledge a company asset, as opposed to a personal 
asset, as it is presently. 
4.2 Applications of expert systems 
There are a number of groups in industry, government, 
and universities that have benefited from the 
development and application of expert systems. These 
systems have increased the accuracy of decisions, 
increased productivity, and they are helping to make 
natural resources more readily available. 
Expert systems are beginning to be utilized for 
process control in industry. The system is connected to 
many sensors throughout a manufacturing organization so 
that it can monitor all processes. With the information 
the system collects, it can alert the proper personnel 
when a process is approaching an "out of specification" 
condition due to normal wear of equipment. The expert 
system can also alert personnel when equipment such as 
pumps and cooling units break down, or when temperatures 
and pressures go out of tolerances. The expert system 
can react by shutting down equipment, and making needed 
adjustments. 
With this type of system employed, emergency 
scenarios can be played out, and the expert system can 
be programmed to react with the best solutions. This 
could be of great benefit to the nuclear industry 
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-because emergency decisions would be made with the 
knowledge of many experts that are not under stress or 
in an emotional r;tate of mind, 
An expert system has been programmed to help 
physicians with diagnosing illnesses. The knowledge of 
many physicians has been programmed into this system, 
and it has passed the exam given to physicians by the 
American Medical Association. The symptoms of the 
patient are entered into the expert system, and the 
system then uses the rules and knowledge it has been 
programmed with to identify potential causes of these 
symptoms. 
There are numerous other groups that have started to 
use expert systems because of the significant benefits. 
The military is employing expert systems for war games, 
autonomous vehicles, and other classified military 
applications. Other areas of application are: education 
and training, communications and networking, optical 
systems, group technology, etc. 
4.3 Strengths of an expert system with respect to the 
design process 
The complex environment created by the massive amount 
of information a design engineer receives makes it 
impossible for the engineer to utilize all the 
information to its fullest potential. Improved accuracy 
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can be obtained from an expert system because it can 
deal with large amounts of information. Studies of 
human decision making have shown that when a selection 
must be made between alternative solutions and the 
attributes or characteristics that govern the selection 
process are greater than 3 in number, the decision 
0 
makers ability to make accurate decisions becomes 
impaired. 
Chapter 5 contains numerous rules followed by expert 
designers to make good decisions during the design phase 
of a project. These rules could be programmed into an 
expert design system to aid designers. The constraints 
are left out in most cases to allow each individual 
organization the freedom to use their own. As an 
example; a rule may only apply if a quantity of 20,000 
will be manufactured, or one rule will apply if the cost 
of the product is less than $10.00, and another rule 
will apply if the product cost is equal to or greater 
than $10.00. Many organizations and experts will 
disagree on where these lines should be drawn. 
A system that could look over the back of a design 
engineer, and immediately stop any design action that is 
not optimal, and explain why such action has been taken 
can be considered the ideal expert system. This system 
would also provide the optimal solution or correct 
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action. The design engineer would of course have the 
authority to override the expert system, and the 
engineer must have the capability of interrogating the 
expert. 
To accomplish this task the system would be required 
to have the ability to see exactly what an engineer was 
designing. If the engineer was using CAD (computer 
aided design) tools, the expert system would want to 
have access to the CAD data base to review the design 
data. If the designs are scratched out on paper, the 
expert must have a vision system to see the document. 
This ideal system must also be capable of learning; it 
must have expert knowledge; and it should be creative. 
If the design is mechanical, all the solid geometric 
information would be required to perform such 
calculations as center of gravity, stress analysis, 
checking the tolerances, etc. The expert would need 
access to a materials data base to obtain the properties 
of the material. The expert would also need the 
knowledge to perform the analysis. 
For an electrical design, all the geometric 
information would be needed, and in addition the bill o·f 
material which contains a parts listing would be 
required. Access to a data base which contained all the 
electrical components would be required for; information 
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on component values, tolerances, cost, quality, 
availability, and reliability. Knowledge to perform 
analysis would be needed by the expert. For a composite 
design of both the mechanical and electrical components 
which will be assembled, all of the information from 
above will be required. 
Creativity by the expert is required to check for 
alternative designs that are superior and have not been 
thought of yet. A machine that meets the description of 
the ideal expert system would be capable of performing 
at a design engineering level, and is very futuristic. 
Before the ideal system could ever be reached many 
problems which researchers are working on must be 
solved. Until then, smaller artificial intelligence 
tools will be developed that aid the design engineer in 
specific areas or tasks. 
The design engineer can be aided by artificial 
intelligence when systems are developed to help with 
many of the mundane and routine tasks. Engineers are 
often saddled with requests for cost estimates on a 
project which is very distracting and non-productive. 
An expert system that could give an estimate based on; 
the knowledge of the engineer, the drawings and bill-of-
material for the product, and access to the data bases 
would be extremely beneficial. This tool would have a 
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significant affect on productivity because the best 
engineers with the most experience are the people 
usually chosen for this task, and the tool would relieve 
them of this time consuming chore. 
Another task which a design engineer must do is to 
search for acceptable components to be included in the 
design. Often the components are not selected based on 
an optimal decision but they are selected because the 
designer is familiar with the component, and unfamiliar 
with newer components that may be advantageous to use in 
certain circumstances. In this context components would 
also include raw materials. Programmed with expertise 
and connected to the proper databases, an expert system 
could make better selections. 
When ever new professionals are hired in a firm they 
are usually assigned with an experienced veteran. If 
the firm is utilizing artificial intelligence it can be 
emplpyed to help these new recruits learn. Artificial 
intelligence can be developed specifically for teaching 
and tutoring, or the new inexperienced professional can 
access an artificial intelligence system that is used 
for specific tasks to ask for its reasoning. Either 
way, the new employees have a way of viewing and 
understanding the expert's knowledge. 
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An expert system could be developed to view 
development engineering notes, drawings, specifications, 
and any other documentation to check them against 
company standards. If this is done during the design 
phase problems that are usually caught when the product 
is released to manufacturing would be removed at a much 
earlier stage. Design changes are significantly less 
expensive when they are made in the design phase as 
compared to the manufacturing phase. 
4.4 A tool for obtaining good decisions. 
The expert system must be capable of accessing 
existing data bases, application programs, and 
algorithms if it is to be efficient. The following 
meth~d for obtaining decisions is a numeric method. It 
may be advantageous to have the expert system use this 
method or other numerical algorithms. An example is 
given to clarify this method. 
A numeric analytic hierarchy process that has been 
developed by T. L. Saaty[l8] can be used to assist the 
design engineer when decisions must be made based on 
numerous considerations. This methodology provides a 
systematic approach to problem solving by assessing 
priorities. The approach can be employed by an expert 
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system to quickly arrive at logical decisions when many 
characteristics must be evaluated. 
The first step of this approach is to identify levels 
of the hierarchy. As an example, consider being given 
the option of choosing three different types of 
fastening techniques in the design of a product, using 
an adhesive, using rivets, or using a metal stitching 
technique. Let us assume the design engineer must also 
be concerned with: cost of the product, the holding 
force of the adhesive, the reliability of the fastener, 
the safety of the technique used, human factors (how 
pleasing is it aesthetically), and the resistance to 
I 
corrosion. 
In this case there are three levels. The first level 
is satisfaction with the product design. The second 
level are the factors that determine how satisfying the 
design is, and the third level contains the options 
which the engineer must choose from. See figure 4.4.1 
for a graphical view of how each level interacts with 
the next level. 
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SAT 
(satisfaction with product design) 
level one 
FORCE REL. SAFE COST 
prod. 
cost 
fastener relia- safety 
force bility 
A 
adhesives 
level two 
R 
rivets 
level three 
HF 
human 
factors 
RC 
• res1s. 
to car. 
s 
metal 
stitching 
Figure 4.4.1 Every factor at each level has an affect 
on all the factors above it. 
After defining the hierarchy, the next step is to 
determine what affect each factor on level two has on 
level one. This is accomplished by assigning weights to 
each factor in a matrix form. As an example, let matrix 
(A) be the factors of level two, and let matrix (W) be 
the relative weights of the factors in level two with 
respect to level one. To illustrate this point, 
consider three factors: Al, A2, and A3 in level two that 
affect level one. If A2 is more important than Al, then 
the weight W2/Wl in the matrix is greater than 1 (fig. 
4.4.2,a). If A2 and Al are equal, then the weight 
W2/Wl=l, and if Al has a higher priority when compared 
to A2 then W2/Wl is less than one. 
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When assigning importance to the elements ot the 
problem, a good guideline to follow is the following: 
If the two elements of the matrix are equal in 
importance, then a value of 1 should be assigned as 
their relative importance to the next level; if an 
element has a strong importance over another element 
then a value of 5 should be used for the matrix; and if 
there is an absolute importance, then a value of 9 
should be used. All the integers between one and nine 
can be used to express the relative importance. 
COST 
FORCE 
REL. 
SAFE 
HF 
RC 
[A] [W] = 
Al 
Al Wl/Wl 
A2 W2/Wl 
A3 W3/Wl 
A2 
Wl/W2 
W2/W2 
W3/W2 
(a) 
A3 
Wl/W3 
W2/W3 
W3/W3 
SAT COST FORCE REL. SAFE HF RC 
1 4 3 1 3 4 
1/4 1 7 3 1/5 1 
1/3 1/7 1 1/5 1/5 1/6 
1 1/3 5 1 1 1/3 
1/3 5 5 1 1 3 
1/4 1 6 3 1/3 l 
(b) 
PRIORITY 
VECTOR 
.32 
.14 
.03 
.13 
.24 
.14 
Figure 4.4.2 (a) General form for matrix of weights. 
(b) A specific example, notice the cost of the fastener 
has a priority of 4 when compared to the retention force 
of the fastener, when considering the satisfaction with 
the design. Also notice the matrix will be reciprocal. 
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The next step in this process is to find the largest 
eigenvalue for each matrix of the problem, and the eigen 
vectors that are associated with it. The eigenvector 
can be considered the priority vector for the matrix. 
One method for making a rough estimate for the priority 
vector is to sum up each row of the matrix, and then sum 
up the resultant column, then normalize that column by 
dividing each element by the summed up result. For the 
fastener example presented, see figure 4.4.3. 
A= Adhesives R = Rivets 
SUM OF 
ROWS 
COST • A R s 
• A• 1 1/3 1/2 1.833 
R • 3 1 3 7.0 s • 2 1/3 1 3.333 SUM OF COLUMN= 12.167 
FORCE • A R s 
REL. 
SAFE 
• 
A • 1 1 1 
R • 1 1 1 
S • 1 1 1 
• 
• A • R II 
s • 
• 
• A • 
R • 
s • 
A R S 
1 5 1 
1/5 1 1/5 
1 5 1 
A R s 
1 9 7 
1/9 1 1/5 
1/7 5 1 
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S = Metal Stitching 
Wl 
ESTIMATE OF 
EIGENVECTOR 
1.833/12.167 
7.0/12.167 
3.333/12.167 
EIGEN 
VECTOR 
(LOCAL 
PRIORITY) 
.16 
.59 
.25 
W2 
.33 
.33 
.33 
W3 
.45 
.09 
.46 
W4 
.77 
.05 
.17 
HF 
RC 
• A 
• 
R s 
A • 1 
R • 2 
S • 1 
1/2 1 
1 2 
1/2 1 
• 
• 
A • 
R • 
s • 
R 
1 6 
1/6 1 
1/4 3 
s 
4 
1/3 
1 
ws 
.25 
.50 
.25 
W6 
.69 
.09 
.22 
Figure 4.4.3 Matrices used to place priorities on 
adhesive (A), rivets (R), and metal stitching (S) with 
respect to the elements in level two (cost, force, 
etc.) . 
The local priorities developed in figure 4.4.3 are 
relative to the elements in level two. These local 
priorities must be converted to global priorities (se~ 
figure 4.4.4) by creating a matrix with columns that 
are the local priorities. 
·.\ 
r 
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GLOBAL PRIORITY• [Wl W2 W3 W4 W5 W6]; W's obtained in 
figure 4.4.3. 
[Wl W2 W3 W4 W5 W6] X [EIGENVECTOR FOR LEVEL ONE]= 
RANKING OF OPTIONS A, R, ANDS= 
•COST 
• A •.16 
R •.59 
S •• 25 
FORCE REL. 
.33 .45 
.33 .09 
.33 .46 
, .37IA 
I .38IR 
j .25jS 
I I 
SAFE HF 
.77 .25 
.05 .50 
.17 .25 
RC 
.69 
.09 
.22 
I • 3 2 I 
I • 14 I 
I • 03 I 
I • 13 I = 
I • 24 I 
I .14 I 
Figure 4.4.4 Development of ranking for adhesives, 
rivets, and metal stitching. 
The global priority is multiplied by the eigenvector 
from level one. The result is a ranking between the 
three alternatives. In this example the rivets have a 
slight advantage over the adhesive (R=.38 and A=.37 in 
figure 4.4.4). 
One other consideration when using this methodology 
is a consistency ratio. This is a measure of how 
consistent the weights of the matrix are. As an 
example, if cost is more important than resistance to 
corrosion, and resistance to corrosion is more important 
when compared to holding force, then cost must be more 
important when compared to holding force if consistency 
is to be maintained. 
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The first step in calculating the consistency ratio 
is to calculate the consistency index (CI) for the 
matrix. 
CI=(X-n)/(n-1) 
Where X=the largest eigenvalue for the matrix and n is 
the number of columns or dimension of the matrix. The 
next step is to divide the consistency index (CI) by a 
random index (RI) to obtain the consistency ratio (CR). 
CR=CI/RI 
Saaty suggests the value of CR should be equal to or 
less than .1 in order to arrive at a consistent 
conclusion. If the value of CR is greater than .1 the 
weights assigned in the matrix must be reevaluated. 
RI has been obtained through experience by Saaty and it 
can be found in table 4.4.1. 
n 1 2 3 4 5 6 7 8 9 10 
RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 
Table 4.4.1 T~e rar.dom index (RI) associated with the 
dimension (n) of the matrix. 
This tool is just one example of many that qan be 
employed by a computer expert system. It is e(pecially 
useful in the design environment where the engineer must 
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make a decision based on many factors (safety, 
manufacturing, function, etc.). 
4.5 Inadequacies of an expert system in the design 
environment 
Today's expert systems are built using empirical 
knowledge which is gained from the experts experience. 
This is a limitation that could be overcome if a system 
were developed that could arrive at its own hypotheses. 
It would then prove theories and have another method of 
obtaining knowledge. 
A problem that limits many of today's expert systems 
is the inability to fuse knowledge. Knowledge fusion is 
combining many different expert's knowledge into one 
system. As an example, consider two experts that are 
interviewed for the same knowledge. Expert number one 
has a slightly different language, a different 
methodology for problem resolution, and uses different 
types of information when compared to expert number two. 
Both experts perform in an acceptable manner. How do 
you combine their knowledge together into one expert 
system? This area requires more research. 
Today's expert systems also lack the ability to 
produce products using creativity. Michael Dyer and 
Margot Flowers[4] have made some progress in this area 
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and they have written a paper describing an artificial 
intelligence system that can design new products by 
being creative. The development work they have 
completed has produced many more questions that must be 
answered before a creative system can be employed in the 
development environment. 
The paper describes invention as a search through a 
large space of states that represent objects or ideas. 
The example given is one of designing a door with hinges 
and a door knob. The state spaces are object designs 
and the operators that move from one state to another 
are creativity rules which modify or combine objects to 
create new designs. 
An example of a rule I is; 
Rule one: (feature variation) 
To invent a new object 11 0 11 from an old object 
"O" 
Select a feature "F" of "O" 
Select a scale of "F" 
and vary the feature "F" along the scale. 
In this example, the 11 0 11 is the object name, the "F" is 
the object feature such as color or shape, and the scale 
could be the range of colors such as blue to red or the 
range of shapes such as rectangle to circle. 
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A creative program that has been developed by D.B. 
Lenat is named AM[4]. AM was initially programmed with 
approximately 100 elementary concepts from set theory 
such as, the empty set, set union, etc. The set concept 
name, the concept definition, pointers to hypotheses 
that could be explored with this concept, and pointers 
to other related concepts is associated with each 
concept in the program. AM was also programmed with 
approximately 250 heuristics that were used to fill in 
missing information about the concepts, for creating new 
concepts from existing concepts, and for determining how 
important the newly developed concepts are. 
AM started to invent new concepts with its knowledge 
from existing concepts and heuristics. AM also 
discovered the concept of numbers by using the concept 
of set length when a set contained identical elements. 
AM was then capable of understanding the concept of 
addition by using numbers, and the concept of set union. 
AM went on and developed an understanding of many 
other concepts such as subtraction, multiplication, etc. 
AM was not designed to prove theorems. So it did not 
know it the concepts were true of false. 
Some of the questions that have risen as a result of 
these creative systems must be answered before they 
become useful in the industrial environment. Currently 
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the system does not know which designs it has created 
are good, and which ones are not so good. These systems 
lack the rules that are needed to determine the 
usefulness or worth of each combination of ideas. 
The creative systems do not understand what separates 
insignificant variations in the design from significant. 
As an example, moving a door handle over a few inches 
may be considered insignificant so why evaluate that 
design? This system must also be capable of recognizing 
constraints. How do you open a door if the handle is on 
the same side of the door as the hinges? The creative 
system must understand the basic laws of physics in 
order to make such judgments. 
How will this system take advantage of information 
about where the door will be used? Will it be used on a 
refrigerator or a cow barn? How does the system access 
other knowledge that may be of importance? If the 
system could access knowledge about wheels it may 
realize the hinges could be removed, and wheels could be 
used to open and close the door. 
Another concern with the development of expert 
systems for the design function is the cost. Many 
companies have an immense amount of capital tied up into 
engineering tools and they do not have the resources 
available to buy new equipment. It is therefore 
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important that new tools be capable of being integrated 
into the design environment with the existing equipment. 
A limitation in optimizing the use of many expert 
systems is the inability to communicate in many 
organizations. Computers that are spread out and made 
by different manufactures have an enormous problem when 
they are asked to share information and talk to one 
another. The development of MAP (manufacturing 
automation protocol) and other standards may improve 
this situation in the future. This change will make 
distributed artificial intelligence a possibility. 
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5 DESIGN PRINCIPLES/RULES ASSOCIATED WITH MANUFACTURING 
5.1 General principles 
The following principles or rules are considered 
general and should be considered during any design 
project. This would include designing complex, high 
technology products, or a simple mouse trap. 
1. Handling time in a manufacturing operation can be 
expensive. Tools and equipment become idle during this 
handling time, and often expensive labor is waiting or 
involved in the handling operation. Examplea of 
handling time is turning a part or assembly over, or 
moving a part to another station. The engineer should 
become aware of this fact and design parts and 
assemblies that require a minimum of handling. Another 
way of stating this is to design an assembly or part, so 
that a maximum number of operations can be performed 
without moving the piece. 
2. In most manufacturing organizations there are 
general purpose tools, test equipment, and fixtures that 
are used often, and readily available. It would be 
advantageous for the design engineer to become familiar 
with this equipment so that a product designed by that 
engineer can be produced using general purpose tools. 
Special fixtures and equipment can be expensive, and if 
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they are intended to be used, they should be justified. 
Here an expert system could help by matching tools 
and equipment with intended processes and part 
geometries. The design engineer could ask the expert 
for information on what type of molding or casting 
equipment is available, and what are the limitations of 
that equipment. The expert system could analyze part 
geometry, and mass to suggest what fixtures could be 
utilized to move that part. The system could also 
inform the designer as to what type of conveyors, 
carousel, automatic storage and retrieval systems are 
available, and what volume and mass restrictions are 
attached to each system. 
Sharp 
corner 
Part radius 
and tool 
radius ore 
the some. 
Tool 
figure 5.1 
(reprinted from Bralla [l]) 
3. The following rule is valid for designing machined 
parts, casting-s, and molded or farmed parts: Avoid 
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sharp corners when possible by allowing generous fillets 
and radii. If possible, leave the dimension variable so 
that the machine in the manufacturing process can 
determine the radii (See figure 5.1). As a result, 
usually fewer operations are required, material will 
flow much better in molds, and theie is less stress on 
tocls when this rule is followed. This will aid in 
reducing scrap rates, handling time, and labor costs. 
The part also has less stress concentration in the areas 
that are rounded, as opposed to sharp corners. The 
exceptions to the rule are: 
(A) When two separate parts that have been machined 
are fastened together, a sharp corner is the result. 
There are no cost advantages in removing the sharp 
corner. 
{B) When a powdered metal part is being produced, 
sharp corners or edges develop where the punch face 
intersects with the die wall. Again, there is no cost 
advantage in removing the sharpness. 
4. When holes are being designed in a part the 
following rule should be used to specify the process: 
When possible, the fi.rst choice should be a punch-press 
pierced hole because it is quick and inexpensive. If a 
punch-press hole can not be specified, then a drilled 
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hole should be. The drilled hole will cost more and 
take more time when it's compared to the punched hole. 
A boring operation should be the last alternative. 
5. When designing parts that have holes, caution must 
be taken so that holes are not placed too close to 
edges, other holes, or an obstruction on the part. If 
this precaution is not taken, difficulties may develop. 
during the manufacturing process. Potential problems 
may be as follows: Weak die areas when holes are too 
close in proximity because of thin sections, multiple 
drilling operations because spindles on a drilling 
machine have tolerances on how close they can be placed 
together, and material flow problems may develop in 
molds. This rule applies to all parts that are 
machined, stamped, molded, and cast. 
6. When creating drawings of the design, do not use 
points in space to create dimensions. When generating 
dimensions, use points and lines on the part itself. 
This will help eliminate tooling and gauging errors. 
Also, try to use one reference line or point for all 
dimensions to prevent overlapping tolerances and improve 
gauging (see figure 5.2). 
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Avoid placing notes or instructions on drawings that 
may be interpreted with many different meanings. As an 
example, "clean this surface" or "stress test this 
component" may have different meanings, depending on the 
person reading the drawing. 
5.2 Assembly principles/rules 
The following rules are intended to facilitate a. 
quick, inexpensive assembly processes. Many of the 
principles can be considered common sense, but· this fact 
does not guarantee the principles will be utilized by 
design engineers. Often, the schedule and economic 
pressures to complete a project, leave the engineer with 
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• 
little time for considering the many alternatives that 
exist. 
1) Never specify tight tolerances unless it is 
absolutely necessary. A tank cannon barrel was once 
designed with the same outside diameter tolerance as the 
inside diameter tolerance. The tight tolerance was 
required for the inside diameter because the projectile 
is fired through this opening. A much loser tolerance 
could have been placed on the outside diameter because 
it would not affect the accuracy of the cannon. 
Usually, tighter tolerances increase machining time and 
cost. 
2) If possible design assemblies that have all the 
tapped holes on one part. Following this rule will 
reduce the handling time and the complexity of the 
routing because only one part must be moved for a 
machining operation. 
3) Keep all internal parts of an assembly accessible at 
all times during the assembly process if possible. If a 
component is relatively expensive and/or has a high 
failure rate associated with it, then it should be 
' . 
placed in the assembly in one of the last operations 
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I 
(see fig. 5.3). By following this rule the assembly may 
have a faster mean-time-to-repair because the high 
failure rate components are last in and therefore they 
should be the first out when disassembly is required. 
If scrap is produced in the earlier operations, it is 
cheaper to dispose of the assembly before the high cost 
items are added. 
High cost and/or 
low reliability component 
-------> I 
' 
' .. 
' I 
Figure 5.3 
4) Most electronic manufacturing firms have automatic 
component insertion tools. Each tool has a library of 
geometric forms which it can insert into an assembly or 
pc (printed circuit) board. The design engineer should 
have access to the geometric forms and a data base that 
contains information on each component that fits the 
geometric forms. An expert system could search tool 
libraries and data bases to suggest using components 
based on design priorities. 
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5) Reduce the number of parts in the assembly to a 
minimum except when additional parts reduce tight 
tolerances on machining operations and the resultant 
cost to produce the product is lower (see figure 5.4 for 
exception example). The affects of additional parts may 
also reduce the overall reliability of the product 
suggesting a trade off analysis be performed. Newer 
casting operations and precision die casting are 
examples of processes that may help build one part 
assemble out of numerous assembles. As an example, a 
nylon fan assembly with a steel shaft, which is a two 
piece item can be replaced with one molded nylon fan 
with a nylon shaft. 
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(reprinted from Bralla [l]) 
6) If low cost assembly is a concern, guides, tappers 
and alignment channels can be employed to reduce the 
accuracy required when pieces of an assembly are being 
joined together. Sharp corners should be removed so 
that assemblies may glide together (see figure 5.5). 
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Figure 5.5 
(reprinted from Boothroyd [2]) 
7) Place the base part of an assembly on the bottom and 
have the assembly direction from top to bottom. All 
pieces being added to the base unit should come from the 
top down in one direction. If the assembly process must 
be performed from more than one direction, it may become 
beneficial to avoid the rule of, "performing as many 
operations at one station as possible in order to reduce 
the handling time". Instead, evaluate adding more 
stations and flipping the base assembly so that top down 
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assembly can be performed if it is warranted. One 
advantage of supplying parts from above the assembly is, 
gravity can be employed by feeding the parts onto the 
base unit. It is also easier to repair work heads that 
are above the assembly when break downs occur such as 
defective parts jamming the equipment. Gravity also 
helps hold parts in place when vibrations occur on the 
base unit and prevents them from being jarred lose or 
misaligned. 
8) A stable base part that accepts components during the 
assembly process should be designed to improve its 
handling characteristics. One respectable method for 
accomplishing stability is to keep the center of gravity 
in a flat horizontal surface. Following this rule will 
reduce the chances of the base part tipping or moving 
during the assembly process. The base part must also be 
designed to facilitate quick, easy, and accurate 
location on a work carrier or transport fixture. 
Tapered dowels, holes, and notches can be designed into 
the fixtures and base parts to improve placement 
accuracy and stability of the base part (see figure 
5. 6) • 
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(reprinted from Boothroyd [2]) 
9) If components of an assembly can become tangled or 
nested then redesign the components to avoid these 
situations. Alternative designs can often reduce the 
amount of time wasted in a manufacturing process 
separating parts that are tangled and jammed. As an 
example, open ended springs have a higher probability of 
becoming nested and tangled when compared to closed end 
springs. Pressure is required to interlock the closed 
end springs (see figure 5.7). 
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10) Components that are assembled should be as 
symmetrical as possible. This will improve automated 
feeding of the parts at work stations and allow 
attaching the part in more than one direction. 
Following this rule will result in higher accuracy and 
improved insertion time (see figure 5.7.1). A sphere is 
a good example because it can be inserted into a tube or 
hole no matter how it is picked up or orientated. 
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If it is not possible to make a part symmetrical, 
then the non-symmetrical attribute must be magnified to 
aid a machine or operator in orienting the part. 
If a part is coded visually (color, text, numbers, 
etc.) and orientated using this information, increased 
accuracy and speed can be obtained by adding some 
physical attribute to aid in the orientation process 
(see figure 5.7.2). At the University of Mass., 
Geoffrey Boothroyd has devaloped a coding system that 
classifies how easy it is to assemble a component. 
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Figure 5.7.2 
(reprinted from Boothroyd [2]) 
11) If possible use snap rings on shafts that are 
attached to moving parts as opposed to using head pins . 
The snap rings reduce the amount of machining required . 
(see figure 5.7.3). 
-' 
Portion that must 
be machined 
o===~=~m 
Mot this 
( 
Snap (.._ r---r-ing_s =--.i~ 
This 
Figure 5.7.3 
(reprinted from Bralla [l]) 
• I 
12) When right and left or top and bottom parts perform 
an identical function, every attempt should be made to 
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manufacture these parts identically so that they are 
interchangeable (see figure 5.7.4). 
Left hand Right hand 
Not these 
Left and right hand 
This 
Figure 5.7.4 
(reprinted from Bralla [l]) 
Design rules for assembling a product are often 
concerned with connecting sub-assemblies together and 
fastening the parts so that they remain together. There 
are a number of methods that can be employed to fasten 
components together, they are: screws, bolts, spring 
clips, adhesives, welding, soldering, etc. The 
following rules apply to the fastening techniques. 
1) Allow as lose a fit as possible while maintaining the 
product function and reliability. 
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2) Standardize the type of fasteners used in sub-
assemblies. Minimize the number of fasteners used and 
minimize the number of types used. To help minimiz·e the 
number of fasteners required use hooks, lips, and groves 
in the design to secure sections of the assembly (see 
figure 5.8). Use one screw throughout the assembly if 
possible instead of 5 different types. This will 
increase the quantities of the fasteners specified and 
allow the engineer to benefit from those large 
quantities with a lower cost • 
Feasible Better 
' Figure 5.8 
(reprinted from Bralla [l]) 
59 
.. 
3) Design funnel shaped holes and openings. The 
components that will be inserted into the holes should 
have tapered ends to increase the success rate of the 
insertion process. Care must be taken to ensure this 
rule does not add costly machining or manufacturing 
operations to the components. 
4) Use fasteners that are compatible with automated 
feeding equipment. As an example, rivets, staples, and 
self tapping screws are very compatible. Development 
should check with the manufacturing group to obtain a 
list of preferable fasteners. 
5) If ease of assembly is important and screws must be 
specified then avoid using a rolled thread point screw. 
This type of screw will not locate the center of the 
hole without applying a perpendicular to the screw 
force. The force is required to align the screw and 
hole because precise accuracy is demanded with this 
screw. The best choice of screws would be a cone point 
screw or the oval point screw because they seat their 
self relatively easily. Other choices that are not as 
ideal but better than the rolled thread point screw are: 
the header point, the chamfer point, and the dog point 
screw (see figure 5.9). 
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Figure 5.9 
(reprinted from Boothroyd [2]) 
6) It is often advantageous to use a few strong 
fasteners as opposed to many weaker fasteners. Fewer 
fasteners result in lower assembly effort and assembly 
time. 
7) Specify push on fasteners in place of threaded 
fasteners where possible to improve the assembly time • 
It is also advantageous to make the studs of the 
fastener an integral part of the components (see figure 
5. 10) • 
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Integral stud 
Stil I better 
Figure 5.10 
(reprinted from Bralla (l]) 
8) Open ended slots are preferred as opposed to closed 
ended holes or slots. Insertion can be accomplished 
from the top or side with open ended slots improving 
assembly flexibility. 
open closed 
( ) 
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9) If low cost fastening is preferred and permanent 
fasteners are acceptable, then rivets are a good 
possibility. 
10) A minimum clearance is required around a rivet for 
the clinching tool. This specification may be obtained 
by reviewing tool documentation and it must be adhered 
to when ever rivets are used in the design. 
11) A 5 to 7 percent clearance must be specified for a 
rivet hole to avoid problems with inserting the rivet 
when the hole is smaller. If the hole is larger than 
the specified 5 to 7 percent, then the rivet will be 
forced through the hole by the clinching force, reducing 
the quality of the fastener. 
12) Assembly cost can be reduced by using tubular or 
semi-tubular rivets as opposed to solid. Inexpensive 
clinching tools are available for tubular rivets and 
they require less clinching force. 
13) Do not specify blind rivets unless one side of the 
assembly is inaccessible. Blind rivets cost more when 
compared to the conventional rivets. 
63 
14) The minimum distance a rivet should be placed from 
the edge of a fastened surface is 1.5 times the 
thickness of the material being fastened and the maximum 
distance from the edge of the surface should be 8 times 
the thickness of the material. This rule will ensure a 
strong, reliable bond. 
15) The following rule applies to the length of a rivet. 
The distance a rivet should extend beyond the hole in 
-
the material in which it is being clinched is: 2 times 
the shank diameter for solid rivets; .5 to .7 times the 
shank diameter for semi-tubular rivets; and the extended 
length should be exactly the same as the shank diameter 
for tubular rivets. By following this rule the bounds 
made by the rivets will be strong because the clinching 
tool will have an adequate amount of rivet to grab and 
the length of the rivet will not be to long. 
16) If the two pieces being fastened together by rivets 
have different thicknesses, then the clinching should be 
performed on the thick side. This will provide better 
bounds. 
17) If one or both of the materials being joined 
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together by rivets are weak, then use washers to prevent 
damage that may occur during the clinching process. 
18) Most manufacturing organizations have a stock of 
screws in inventory that can be driven into an assembly 
with no hole machining required. Reducing the amount of 
machining will of course reduce the product cost. So, 
if strong holding force is not required, specify the 
drive screws. 
19) If drive screws can not be specified, then try using 
self tapping screws because they remove the tapping 
operation that must normally be performed on a part. 
20) When specifying screws, specify phillips or 
hexagonal head screws if possible. They are usually 
lower in cost and readily available when compared to 
other screws such as an allen head. 
21) Specify screw and washer assemblies as opposed to 
having separate parts that are assembled during the 
manufacturing process. Following this rule will reduce 
the stock handling, procurement, and assembly costs (see 
figure 5.11). 
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22) It would be beneficial to generate a data base of 
spring nut part numbers. Then when ever a screw has a 
low torque requirement that is below the maximum of a 
spring nut, the spring nut can be used. Spring nuts are 
very inexpensive and are very easy to assemble (see 
figure 5.11). 
(a) 
For med prongs 
Arched base 
Not this 
( b) 
Formed 
single -thread 
embossment 
This 
Figure 5.11 
(reprinted from Bralla [l]) 
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23) Automated drive tools used for screws require a 
minimum clarence around the screw. This implies 
generating a data base or information source on all tool 
specifications which can be used to check the geometry 
in the screw's neighborhood. This requirement was also 
specified for rivet clinching tools and may be 
applicable for numerous automated and manual tools. 
24) When any fasteners are specified which require the 
use of a ratchet-lever socket wrench, the designer 
should leave an area around the fastener that will allow 
for a 60 degree swing of the tool. This may seam like 
common sense but many designs have been released with no 
concern for the use of tools by operators or automated 
equipment. 
25) Avoid specifying slotted nuts and cotter pins. 
Instead, specify a single component lock nut. 
26) Often the quantities of production will determine 
the method of assembly. As an example, nuts are used to 
hold fastening screws in place for small production jobs 
and tapped holes may be used when the production 
quantity increases over some specific level. A cost 
function can be plotted for both methods and a cross 
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over point will be identified on the plot which 
indicates when the low quantity method must be changed 
to the higher quantity method. The cost function must 
take into account the fixed costs and the variable costs 
of the operation. Fixed and variable costs should 
include: equipment costs, operating costs, overhead, 
rate of return on investment, and maintenance costs. 
EXAMPLE: 
cost 
$50k 
$40k 
$30k 
$20k 
$10k 
I 
I 
I 
I 
cost function for method A 
cost function for method B 
20k 40k 60k 80k 
estimated annual quantities 
100k 
In this example, method Bis used for quantities 
under 80,000 and method A is used for quantities over 
80,000. An expert system could easily access the cost 
functions and make recommendations based on tha 
estimated quantities of a product. 
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27) If the material being joined together is soft or 
thin metal, and the operation of punching/drilling holes 
is expensive or difficult, then it may be advantageous 
to use metal stitching to fasten the material. 
It is often necessary to create an extremely tight 
seal between two materials being joined together. The 
seal can be obtained by either a gasket or an 
exceptionally tight tolerance on the material. The 
gasket is usually the method prescribed because of cost 
considerations. The following rules are associated with 
gaskets. 
1) Every attempt should be made to keep the geometry of 
the gasket as simple as possible. Primitive geometric 
shapes (circles, squares or rectangles, etc.) are 
usually the best choice. These shapes are easier to 
handle and usually more reliable. 
2) If the components are being held together by 
compression, it may be possible to fabricate one of the 
components with a material that is suitable as a gasket. 
Following this principle will remove the additional part 
of the gasket. 
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3) If two tubes are being fastened together and a grove 
or ridge must be machined into one of the tubes to hold 
an o ring gasket, then a ridge should be machined on the 
external side of the tube as opposed to a grove on the 
internal side of the tube. 
4) Gaskets should have a minimum width ( ->I 3mm I<-) 
of 3 millimeters at all points. This rule is used to 
\ 
' 
ensure the integrity of the gasket and reduce the 
possibility of damage during the assembly process. 
Handling the gasket is also easier if this principle is 
used. 
5) If production rates are expected to be low then it 
may be advantageous to use a formed in place gasket 
using a material such as silicone rubber as opposed to 
designing and cutting a gasket. The cross over point 
where designing a gasket becomes advantageous must be 
calculated by the individual firm. 
Many firms are involved in electro-mechanical 
assemblies or all electronic assemblies. The following 
rules or design principles are examples of what may be 
extracted from these industrial experts and they can be 
programmed for use in an expert system. 
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1) If the assembly is electronic, and if reliability is 
a concern, then DIP's (dual in line packages) should be 
specified over SIP's (single in line packages). SIP's 
are fragile when the assembly is being handled because 
all the pins are on one axis and the package extends off 
the pc board. Any force on the top of the package 
produces a strong torque about the pins causing faults 
to develop. If SIP's are absolutely necessary, then 
they should be placed around tall components that will 
protect them from handling forces and they should not be 
placed near the edge of the pc board. 
2) When large copper areas are required on a printed 
circ·~1i t card around component pins in high current 
applications, thermal windows should be used to improve 
the quality of the solder joint, and reduce the amount 
of rework that may be requ_ired during the manufacturing 
process (see figure 5.12) • 
Figure 5.12 
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3) Components that are used on a printed circuit card 
should have lead lengths that extend approximately .040 
inches beyond the card surface, and the holes that the 
leads pass through should be approximately .01 to .015 
inches larger in diameter compared to the component lead 
diameter. This rule will result in high quality solder 
joints on the printed circuit card and reduce the amount 
of rework. 
4) To prevent gas pockets from forming during the 
manufacturing process, the component designs must allow 
for gas venting around the component leads that protrude 
through the pc card. Following this rule will allow the 
solder to flow up into the component hole by displacing 
the gas or air. 
5) Allow approximately .300 inches of free space around 
the parameter of the printed circuit (pc) card. This 
space is required so that the card can be attached to 
generic test fixtures using a vacuum suction. 
6) Avoid using thermal greases that can contaminate the 
solder process. There are new methods available that 
replace the thermal grease. One example is a new 
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material named Kondux that can be substituted as a 
thermal conductor. 
7) Avoid specifying components that must be held on the 
pc card using screws and nuts. The cards are 
manufactured using glass fibers and are not compatible 
with torque fasteners. If screws are absolutely 
necessary then use washers to protect the pc card. 
8) High power devices such as power resistors must be 
positioned and held above the pc card surface to prevent 
heat damage on the card. The distance will depend on 
the temperature of the component, and how conservative 
the company manufacturing the product is in regards to 
quality. 
9) If the product being designed is for the military, 
then there should always be at least 1/16 of an inch 
spacing on a component lead between a bend and the weld 
that connects the lead to the component. 
Many more rules are available and they can be 
obtained.from government standards manuals and company 
manuals. Safety standards that must be considered are 
in the UL (Underwriters Laboratories) standards manual 
73 
for the United states. An example of this type of rule 
would be, all spacing between primary and secondary 
voltages must be 3 millimeters. They also define 
primary and secondary voltages. 
If the product being designed was for an 
international market, then the standards of other 
countries must be considered. In one of the European 
countries the 3 millimeter example given above becomes 7 
millimeters because of the higher voltages used as 
primary voltage in that country. This can create 
problems when the design engineer attempts to design one 
standard product for all segments of the market and the 
low cost components that are good for one country do not 
meet the standards of another country. 
Every company or firm has its own set of rules and 
knowledge about manufacturing processes. These firms 
can use this knowledge to help the design engineer make 
decisions when products are being designed. The design 
engineer often has the option to design for: powder 
metallurgy, impact extrusion, precision casting, 
continuous casting, roll forming, ultrasonic welding, 
cold heating, electron beam welding, electroforming, 
lost wax casting, automated precision forging, chemical 
milling, etc. A tool to help make these decisions would 
be extremely beneficial. 
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I SURVEY OF EXPERT SYSTEMS EMPLOYED AS A TOOL IN THE 
DESIGN FUNCTION 
As it stands today, there are very few expert systems 
that are being employed practically in the design 
function of a manufacturing firm. There are a number of 
reasons for the sparse usage of expert systems in the 
design function. Artificial intelligence and expert 
systems are a relatively new technology and they are 
experiencing characteristic problems that are associated 
with any new technology entering the industrial 
environment. 
The benefits and acceptance of a new technology are 
usually slow to emerge and then develop rapidly as 
problems are resolved. Then as the technology reaches 
intrinsic limits, the benefits of increased development 
slowly levels off again. This phenomenon is know as the 
life cycle of the technology and can be portrayed 
graphically. 
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One example of this life cycle is the computer. At 
first, the computer was only beneficial in selected 
applications. Today the computer is used to benefit 
many diverse industries and professions. The increase 
in benefits to the world have occurred as the problems 
of cost, speed, size, and the need for user friendly 
programs have been solved. Artificial intelligence is 
in the infancy of development for the industrial 
environment and can be viewed as the computer was in its 
early stages. 
A significant hinderance to the rapid expansion and 
use of artificial intelligence is the lack of 
understanding and expertise that exists in the 
industrial world. The academic system is beginning to 
train students in the field of artificial intelligence 
at the undergraduate and graduate level but it will take 
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years before there is a significant number of people in 
the work force that understands this technology. 
The users and potential customers of artificial 
intelligence systems have also complained that the 
suppliers of the systems are not meeting their needs. 
This becomes complicated because the other side (the 
suppliers) are accusing the users of not knowing what 
they want or need. Both groups are some what correct 
and have valid claims. As an example of this problem, 
consider the effort that has been spent on creating 
robots with artificial intelligence which can pick 
components out of bins that are mixed with many 
different types of parts. Most manufacturing firms do 
not store or deliver components to the manufacturing 
operation in bins mixed with other components which 
makes the development effort purely academic. 
The suppliers of artificial intelligence systems must 
mount a major effort into matching and solving the 
users problems. In addition, the users of these systems 
must make. a major effort to give the developers 
realistic problems and test beds. They must also be 
willing to spend time and resources which are required 
to evaluate the output from development systems. 
Section 7 will give advice on how to bring the 
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developers and users of the system together so that the 
finial product will be successful. 
There may be other factors which affect the 
development rate of artificial intelligence in industry 
such as the cost of the system, but the main point being 
emphasized in this report is to realize that the 
technology is at the bottom section of the life cycle 
curve or in its infancy. There is an enormous potential 
out there and as the problems are solved, the benefits 
will become evident. 
Hughes Aircraft has a system named PADMS[14] 
(producibility-based automated design and manufacturing 
system) which was developed to aid the design engineer. 
The system provides on line feedback to design engineers 
who are using CAD (computer aided design) equipment to 
design new products or parts. The feedback which the 
design engineer receives informs him or her on how 
producible the part being designed really is and offers 
information on manufacturing expertise. 
The PADMS system utilizes manufacturing knowledge and 
applies it to analyze the design being produced on the 
CAD system. The information or data required by the 
PADMS system for the analysis is: graphical, geometric 
attributes and material properties, design 
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specifications, special manufacturing instructions, and 
inspection requirements. 
The Hughes system has three distinct phases. The 
interpretation phase receives digital information about 
the design from the CAD system and t~·anslates it into 
tokens for symbolic processing. The reasoning phase 
performs an evaluation of constraints and requirements. 
Symbolic processing is performed and continues until a 
conclusion is reached. Then the presentation phase 
takes the solution and packages it so that it can be 
presented. 
This system will also perform process planning which 
includes generating plans, methods, processes, 
standards, cost estimates, scheduling, and test 
procedures. Parts may be either electrical, mechanical, 
or optical, and in order to understand engineering 
notes; the Hughes system must be capable of handling 
natural language. 
The system can choose the correct production method 
based on the priorities that are specified. A 
cylindrical cavity may be produced by drilling, boring, 
and reaming. Accuracy, cost, and other factors are used 
to decide which method will be specified. The following 
are examples of rules used by the Hughes system to 
decide what method of production should be used: 
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1) If a pc (printed circuit) card has parallel sides and 
the length of the sides is greater than 3 inches, and 
the bottom side of the card has protrusions that are 
less than .25 inches, then a wave solder process can be 
used. 
2) If the components that are attached to the pc card 
are spaced greater than .2 inches from the sides of the 
pc card and they can withstand 400 degrees F, then a 
wave solder process can be used. 
As demonstrated by the description, this system is 
very powerful and extremely useful. 
Another company developing expert systems to aid the 
design engineer is Cognition Inc.[3] The company plans 
on offering an expert system as a cost estimator and 
manufacturability guide. The system will be an option 
to the companies existing MCAE (mechanical computer 
aided-engineering) work station and it has been designed 
primarily for the mechanical engineer. 
The cognition expert system estimates cost based on 
geometric information that is resident on the MCAE work 
station and additional information that is supplied by 
the design engineer. The expert system will help the 
design engineer evaluate the cost of alternative 
80 
\ 
• 
designs, materials, and processes. It also explains the 
reasoning it used and provides explanations for its 
conclusions. 
To estimate the cost of a part being designed, the 
expert system will evaluate tooling costs, and setup and 
cycle times. To evaluate the design, the system uses a 
collection of defaults and heuristic inferences. A 
database of customer labor rates, material costs, and 
equipment can be extended, and additional processes may 
be added. 
Although this system is currently under development, 
it seems to have a promising future. A nice feature of 
this expert system is it runs on the work station as 
opposed to a system that would require an additional 
work station. 
Unfortunately, the Cognition system is designed 
primarily for mechanical designers. There are numerous 
groups in electrical, chemical, civil, and other 
professions that are looking for equivalent tools. 
A project is currently under development at the 
University of Missouri-Columbia[?] to create an expert 
system that will aid the mechanical design engineer. 
The design of this expert system utiliz.es a hierarchy 
• 
81 
' 
control concept that has been developed at NBS (National 
Bureau of standards) in Gaithersberg, MD. 
The top level of the hierarchy uses information about 
the strategy of the firm which creates a manufacturing 
philosophy and design philosophy. An example of a firms 
strategy may be, become high volume low cost producer or 
fill a market niche. The first strategy may translate 
into a design philosophy of; design low cost, easy to 
manufacture products. The strategy may also translate 
into a manufacturing philosophy of; become the most 
efficient producer of the product. 
The expert system must use this information to 
resolve conflicts that may result between the design and 
manufacturing functions because design decisions may 
adversely affect one of the functions. As an example, a 
particular design may be inexpensive in parts cost but 
it may be difficult to transport or store in the 
manufacturing process. Other conflicts can arise when 
quality, performance, and product life expectancy is 
considered. 
The initial development activity at the University of 
Missouri is concerned with specifying the optimal 
material when a mechanical part is being designed. 
Material selection is one of the most important 
decisions of the design phase because the material may 
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often select the manufacturing process and is usually 
more than 50% of the cost of the product. Material data 
bases are also becoming readily available and contain 
valuable information (physical, mechanical, and chemical 
properties, geometric information, cost, availability, 
etc.). The preliminary database at the University of 
Missouri contains 356 different material specifications 
and 25 material properties for each material. 
An expert system is currently under development at 
Lehigh University for the Semiconductor Research 
Corporation. This expert system is being developed to 
help design engineers that are responsible for designing 
IC (integrated circuit) packages. The expert system 
should be c~pable of selecting an appropriate package 
for a semiconductor component and if a package does not 
exist the system will assist the user in designing a new 
package. 
There are many properties of an IC package that are 
determined by the materials of the package. Some of 
these properties are: thermal expansion, sintering 
temperature, cost, strength and reliability, electrical 
properties, and thermal conductivity. The initial 
development activity at Lehigh University is concerned 
with creating a materials database because the material 
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properties are so important in the successful design of 
an IC package. 
The expert system will access the materials database 
and search for appropriate material properties. The 
expert will also utilize existing programs for 
engineering analysis of the package. A program named 
ANSYS will be used for finite element analysis which 
will be extremely valuable in evaluating stress and 
thermal flow in the package. The final version of the 
system will run on a CAD system. 
At IBM an expert system[lS] is being developed to 
increase the productivity of power design engineers by 
creating cost estimates of power systems. Cost 
estimating is considered a routine and monotonous task 
by many engineers because it does not require any 
innovation. The estimates are very important because 
development projects are often discontinued when the 
product cost estimate is not compatible with 
expectations. 
The expert system will question the user for 
information about the power system. Typical questions 
will be asked about current levels, voltage levels, 
regulation, and control circuits. The expert system 
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will use rules to determine the over all cost of the 
power system. 
Cost algorithms for power systems are determined by a 
number of factors such as: is three phase or sinqle 
phase input required (voltages, currents, and the 
country where the product will be sold determine the 
answer to this question), are diagnostic functions 
required, life expectancy of the product, etc. Rules 
are used to determine which algorithms are applicable in 
any particular circumstance. 
An expert system prototype has been developed by 
Control Data Corp.[11] which is intended to aid the 
engineering designer during the conceptual phase to the 
completion phase. The system is comprised of: a 
input/output facility for communications, a user 
dictionary to define personal definitions and 
abbreviations, a local knowledge base that contains 
knowledge exclusively used by the user, an inference 
engine, a global knowledge base which contains facts, 
beliefs, and heuristics required for designing specific 
components, and the system contains a knowledge 
acquisition facility. 
The user starts the process by querying the expert 
system with a design concept. The information about 
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design function and application is transformed so that 
the system can search its global database for existing 
designs that are similar. When a design is matched, the 
expert system uses preliminary and detailed design 
calculations to arrive at a solution. 
Once the'"1ie~ign is complete, the expert system will 
generate a classification code (group technology) to aid 
the engineer in searching for a process plan. The user 
must ok the process plan chosen by the system before it 
is stored in the database. 
The Autofact publication of this system never 
indicated what type of design (mechanical, electrical, 
chemical, etc.) the system was intended for. A logical 
conclusion would be a mechanical design because of the 
emphasis placed on group technology in the design 
process. 
The survey validates the initial assumptions of this 
section, expert systems are in their infancy in the 
design area. Although other applications of expert 
systems are not discussed in this report, there seems to 
be more systems developed for use in the manufacturing 
function as compared to the design function and even 
more applications ·for expert diagnostic systems. 
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7 ADVICE FOR GETTING STARTED WITH EXPERT SYSTEMS 
Successful artificial intelligence programs start 
when an appropriate project can be selected. First, the 
knowledge being programmed must be stable. It is very 
difficult to be successful if the knowledge is under 
development and in the process of changing. The 
knowledge must be readily accessible, and it is crucial 
that the experts working in the area where the AI system 
will be implemented are willing to assist in the 
development. It may also be beneficial to interview 
more than one expert because it improves communication 
and comprehension of the knowledge, which results in 
concepts being clearly understood. 
These experts should be informed that their 
performance will not be judged by the AI system's 
performance, and the system's ability to make accurate 
decisions will be checked and verified before actual 
use. This relieves the experts of the fear that their 
credibility may be tarnished by a machine that they do 
not control, and it also improves human relations. 
In the initial stages of the development cycle of an 
artificial intelligence system it is advantageous to 
include a valuable tool in the,work station to entice 
the experts into using the system. This will keep the 
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experts involved and supply the AI developer with needed 
expertise and criticism. 
Dr. E.A. Feigenbaum from Stanford University believes 
an AI project should have a high value to the company. 
The savings to the company can be calculated in advance, 
and high level managers must back the development 
program 100%. This view is not shared by everyone 
because many companies have had successful programs that 
started out small with a small pay back. 
Dr. Feigenbaum also feels the system aspects of the 
project must be considered. History exhibits many 
examples of new technology that is developed and ends up 
on the shelf because the problems of moving technology 
through the system is not considered. The bigger the 
company, the more serious the problem gets. What is 
usually needed is a person that can carry the technology 
throughout the organization. This task should not be 
under estimated, it takes a great deal of energy and 
influence. 
When people are being selected for an AI project, 
they should have a favorable performance record for 
success. Only the best people should be utilized and it 
is required they have excellent communication skills, 
\.-~~ince many interviews must be conducted. These are key 
ingredients for a successful project. 
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One other consideration when dealing with the human 
aspect is that all personnel working on the project 
should have a sense of ownership. This includes 
management, data processing personnel, knowledge 
engineers, owners of the system, and the experts. 
If possible, an AI system should be constructed in a 
modular fashion. Place rules in subsets. This will 
make it much easier to update and change. The following 
question should be asked as the project progresses: Does 
the system need to be redesigned if new rules are added? 
After a system is developed, it is important to 
maintain the system, update it, and evaluate its 
performance. The performance can be evaluated using the 
same criteria used to evaluate a person. As an example, 
an expert system that diagnoses faulty equipment can be 
evaluated on how quickly it locates the problem and 
determines the solution. Accuracy and consideration of 
how the system interacts with people should also be 
evaluated. 
One of the problems with developing AI systems is 
knowledge fusion. How can many sources of knowledge be 
integrated into one source? As an example, two experts 
are interviewed; they both use a slightly different 
approach to solving a problem, their language is 
slightly different, they structure the problem 
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differently, and they use different inputs and outputs. 
How does the knowledge engineer combine each expert's 
knowledge into one expert system? This is an area of 
research that requires more work. 
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8 CONCLUSION 
It is obvious that the responsibilities of a design 
engineer are many, and the design of a product is an 
extremely important factor in deciding the position of 
that product in today's highly competitive world market. 
As a result, the design engineer is under an intense 
amount of pressure when designing a product. The 
pressure is derived from schedules, product 
requirements, and intense competition. 
Even the most experienced engineer will find it 
impossible to be skilled in all the areas or functions 
of an organization that are associated with a good 
design. A knowledgeable engineer is usually capable of 
finding the reference material which may be required to 
obtain information essential to making good design 
decisions. References commonly used by the design 
engineer are safety manuals, design manuals, standards 
publications, manufacturing manuals, process 
specifications, etc. 
Section five of this report only scratches the 
surface of one of the areas under consideration. The 
information contained in section five on manufacturing 
design principles is a result of many months of 
investigation. On most design projects there is no time 
allocated for exhaustive search fo:- information of this 
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type because of schedule constraints which are usually 
very tight. If we include all the concerns facing the 
design engineer, we can see how quickly it becomes 
overwhelming. 
The design engineering function is ready for and in 
need of new tools to help reduce the pressure they 
encounter. The expert system may help by increasing the 
productivity of the engineer, and by improving the 
performance of the new engineer, who is often 
inexperienced. The expert system could check designs by 
using appropriate design principles, and by verifying 
that specifications meet all applicable standards, which 
would reduce the number of engineering changes after the 
product is released to manufacturing. If for some 
reason engineering changes were required, all the 
calculations could be quickly computed by the expert 
system for each change, and needed reference material 
could automatically retrieved. The options and 
advantages of developing an expert system are only 
bounded by the imagination. 
This optimistic view of the future design world will 
not be realized until some of the issues associated with 
artificial intelligence are resolved. Some of these 
issues are very similar to the ones that,were and are 
still associated with the computer field. When 
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computers were first developed, they were housed in 
special rooms where only skilled personnel had access to 
them. As the computer became easier to use, less 
expensive, and more graduates gained experience using 
them, they became common. As AI tools become less 
expensive and easier to use, they will be installed 
frequently throughout industry. 
As computer technology evolves, artificial 
• 
intelligence becomes a realistic solution to many of the 
design problems encountered today. New architectures 
such as parallel processing are being explored which 
will increase a computer's speed by working on problems 
in a parallel fashion with many processors. The 
increased speed is required because normal human 
intellectual processes dictate many logical steps in a 
computer. The examples in this thesis of expert systems 
that are creative indicate there will be an excessive 
amount of logical steps required. The large number of 
logical steps needed demonstrates that faster, more 
powerful computers are required for the larger AI 
projects. 
As computers become more powerful, another issue 
arises. How is knowledge gathered and how should it be 
represented? This question is of concern to the AI 
developers who are working with complex systems. The 
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- amount of knowledge required.becomes enormous, and it 
must be represented in a suitable format. 
One method of knowledge acquisition is to employ a 
knowledge engineer who will interview experts and gather 
informa·tion by reviewing documentation. The engineer 
will then program this knowledge into the computer. 
Another method is a process by which the expert can 
input the knowledge directly into the computer which is 
the correct approach. A third method is to have the AI 
system obtain knowledge by learning, which is still in 
the research phase. 
# 
The knowledge being programmed must be stable. It is 
extremely difficult to be successful if the knowledge is 
under development and in the process of changing. The 
knowledge must be readily accessible; and it is crucial 
that the experts working in the area where the AI system 
will be implemented are willing to assist in the 
development process. 
As the amount of knowledge being programmed into an 
expert system becomes large contradictions can occur, 
and other problems may arise in areas of knowledge 
fusion, and maintenance. How do you combine knowledge 
from different experts it they use different approaches 
and methods when solving problems1 How do you maintain 
the expert system and keep it up to date? As more 
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information is programmed into the system, it becomes 
more difficult to find errors. A rule may result in a 
good decision for one type of problem, but it may fail 
on a new problem that was not anticipated. Researchers 
are working towards answers to these problems and 
questions which must be solved before large complex 
expert systems become a reality for the design function. 
The Computer environment in the business world has 
inherent barriers set up to the communications network 
that is required for obtaining the most from an expert 
system. The survey in section six explored a number of 
expert systems that are in limited use in industry 
today. Each system utilized different databases, 
algorithms, and application programs. Some of the 
expert systems utilized costing information, some 
utilized geometric CAD data, and some utilized 
manufacturing process information, most likely from a 
CIM database. Each system was programmed with the 
specific information, or care was taken to ensure the 
lines of communication were open. 
It should be obvious that expert systems can benefit 
immensely from existing databases, application programs, 
and algorithms, which may all lie on different computing 
systems. A network must be established which will allow 
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communications between computing systems and between 
expert systems. Some progress is currently being made 
to standardize communications between generic systems 
through the creation of MAP (manufacturing automation 
protocol), however this still does not guarantee a DEC 
system will be capable of communicating with an IBM 
system. 
Another issue associated with sharing information and 
communicating is how to format the information. There 
are a number of CAD systems in industry today, and the 
information stored in their databases are formatted in a 
number of ways. One method of formatting 2 dimensional 
CAD data has been standardized, and an interface can be 
used so that this information is able to pass between 
systems. Unfortunately, there.is no equivalent standard 
for 3 dimensional CAD data. It is also important to 
realize that information may be lost when it is 
transformed from one format to another. 
These issues must be resolved before expert systems 
can fully realize their potential, and distributed AI 
becomes a reality. It may be many years before one 
expert system is capable of covering all the aspects of 
the design function. Until then, smaller inroads will 
take place that are geared for solving less complex 
~ problems. The expert systems in the near future will be 
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designed for specific applications in the design area, 
and they will yield significant improvements in 
productivity, create design standardization where 
needed, and eventually improve the competitive posture 
of many new products in the future . 
• 
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